This paper focuses on the process for adapting existing legacy computerized tailored intervention (CTI) programs and implications for future development of CTI to ensure that interventions can be disseminated and implemented in different settings. A significant amount of work is required to adapt existing CTI for new research applications and public health interventions. Most new CTI are still developed from scratch, with minimal re-use of software or message content, even when there are considerable overlaps in functionality. This is largely a function of the substantial technical, organizational, and content-based barriers to adapting and disseminating CTI.
The development of CTI can be resource intensive, however once developed, they can be disseminated cost-effectively on a population basis. However, a significant amount of work is required to adapt a legacy CTI for a public health intervention or a new research application. This can present large barriers to dissemination. Because of the sizable effort involved in adapting a CTI at the technical, organizational, and intervention content levels, most new CTI are still developed from scratch, with little or no re-use of software or message content, even when there are considerable overlaps in functionality.
It is imperative for CTI developers to consider dissemination and re-use early in the system design phase. Table 1 presents the key challenges that should be addressed during CTI development to enhance their dissemination potential.
-- INSERT TABLE 1 One of the primary aims of this paper is to increase the dissemination of CTI by identifying the common processes necessary for modifying, recreating and disseminating effective, research-tested CTI. The first section will focus on the process of adapting existing legacy programs. The second section focuses on development of CTI with an emphasis on designing for dissemination and implementation in diverse settings. This is not intended to be a step-by-step guide on how to adopt or disseminate research-tested CTI, but rather a discussion that highlights issues to be considered for adapting and disseminating evidence-based CTI.
PROCESS FOR ADAPTING LEGACY CTI
Research projects are designed and built to test various experimental conditions of an intervention for a specific audience. Dissemination of these interventions to larger, potentially more diverse populations offers both opportunities and challenges. Prior to broader dissemination of efficacious CTI, consideration should be given to a number of different factors. (See table 2) --INSERT TABLKE 2 APPROXIMATELY HERE--Decisions regarding each of these factors will need to be sensitive to legal and regulatory issues that may apply differently in research vs. real-world settings.
Characteristics of the Target Audience
One of the first issues to examine when adapting CTI is the degree to which the participants in the original research trial resemble the new target audience in term of key behavioral, attitudinal, and socio-demographic characteristics. While by no means limited to CTI or behavioral health research, many efficacy trials are quite selective in their eligibility criteria, raising questions about the external validity of study findings. It is worth noting that CTI fare somewhat better in terms of external validity compared to generic or group targeted behavioral interventions because, by definition, efficacious CTI are sensitive to individual characteristics that are related to successful behavior change.
The process of individual tailoring should mitigate the potential impact of differences between the original study population and the new target audience as long as variables assessing these differences are part of the original tailoring algorithm. For example, if a CTI for smoking cessation provides feedback based upon an individual's level of nicotine dependence, then differences in the level of nicotine dependence between the original study population and a new dissemination target audience likely would not pose as great a threat to the external validity of the intervention.
Content Modification and Management
Prior to dissemination of CTI, additional effort will also be needed to modify the health-related/health promotion message content in two main areas: 1) removal of research specific content, and 2) creation of new content to meet needs of the CTI adopter/provider and target audience.
Research specific components of the message content perform functions for an efficacy trial, but may not be required when the CTI is later disseminated. In terms of the scale of the intervention, efficacy trials of CTI are designed and funded to handle a specific number of participants determined by the research aims.
When the number of individuals receiving the intervention is relatively small (e.g., a few hundred or a few thousand), many processes may be adequately handled manually (e.g.,
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mailing of notifications) that would not be feasible during large scale dissemination (e.g., tens to hundreds of thousand or more). 
Data Collection and Program Evaluation
By their very nature, CTI involve the collection of data from individuals. While some data collection is necessary in order to drive the creation of tailored feedback, in research settings a great deal of other data is often collected to meet scientific aims (e.g., establish efficacy, understand intervention mechanisms). In the context of dissemination of CTI, data collection will be governed by the rules of the adopting organization rather than the research organization. Several considerations will likely influence data collection practices during dissemination of CTI programs. These include the general desire to streamline the user experience by reducing the amount of data collected to make the program quicker and easier to use, potential need to modify data collection to meet new eligibility requirements (e.g., membership in a particular health plan), adherence to organizational rules for collecting and storing individual identifiers, and adherence to organizational rules for security and confidentiality of participant data. Substantial redesign and re-programming of data collection processes (login/authentication, surveys, database storage, etc.) may be required to meet needs of CTI dissemination. 
Operations and Management
In transitioning from a research focused to a disseminated intervention, many of the operation and management functions performed and provided by the original intervention will likely need substantial modification It is likely that decisions regarding operations and management of CTI during dissemination will be driven by the availability of resources and infrastructure, new management strategies to support large scale delivery, new technical environments, and new business environments. These concerns will influence specific choices, such as central hosting services vs. stand-alone programs, the level of technical support (tools and staff) for CTI adopters and end users, and how to handle ongoing program development, improvement, and version management. A business plan or other funding mechanism will be needed for ongoing 12 support of CTI dissemination and adaption of the CTI to meet the varied needs of potential adopters.
Legal and Regulatory Considerations
It is critical that efforts to disseminate CTI adhere to relevant legal and regulatory codes. From the perspective of research and research institutions, it is important that intellectual property be protected (copyrights, trademarks, software licenses, patents, etc.). It is highly advisable that all individuals who significantly contributed to the development of the original CTI are made aware of its expanded usage and that they have agreed to the use of content over which they may have ownership.
In addition, broader dissemination of CTI (depending on the setting) may need to adhere to a broader set of regulations and standards that govern the use of health-related information. These include: For example, integration of a formerly free standing research CTI into and health system EHR will require consideration of HIPAA rules that may not have applied to the original application.
IMPLICATIONS FOR DEVELOPERS OF NEW SYSTEMS

Many design and implementation methodologies and tools have been developed
to enhance the re-usability of software that can be used in CTI to reduce the costs associated with their eventual dissemination and adaptation.
Existing Software Toolkits for Building CTI
Tailored interventions, like the individual counseling sessions they often mimic, are inherently complex, and codifying even a small subset of a counselor's expertise in software is not easy. However, the payoff for doing so has potential for large public health impacts. Several software toolkits have now been developed that allow CTI to be more efficiently created and adapted, greatly broadening the potential pool of adopters.
Depending on an adopter's baseline skills and the complexity of the CTI they wish to create, the nature and intensity of the support required will vary. Some of the toolkits have extensive online training and help that may be sufficient for adopters to develop , with multiple-choice user input. Dialogue is specified declaratively, as a hierarchical task decomposition, using a public standard task specification language 21, 22 .
CTI for physical activity (walking) and fruit & vegetable promotion have been developed using this toolkit and are being released open source along with the toolkit. An example of a task specification is shown in table 3, in which the high-level steps for conducting a counseling conversation are specified.
-INSERT TABLE 3 APPROXIMAETLY HEREThese include: 1) opening the conversation with a greeting; 2) conducting ritualized social dialogue, including small talk (e.g., about the weather) and inquiries into the patient's general emotional and physical state (e.g., "how are you?"); 3. reviewing previously assigned behavioral tasks and goals (such as homework assignments or exercise goals); 4) assessing the patient's current state in the intervention, such as stage of change and attitude toward the behavior; 5) conducting counseling based on the assessment (e.g., using Motivational Interviewing techniques); 6) negotiating new behavioral goals and tasks; 7) preparing to close the conversation (e.g., reviewing assignments and negotiating a next meeting time); and 8) delivering a farewell. There may be many such task decompositions specified for a given goal (e.g., counseling conversation templates such as the one in figure 4) , and DTask decides moment-tomoment which to use based on many factors, such as tailoring parameters, patient
characteristics, and what was said previously in the conversation. conversations to be defined and tested using visual design tools and minimal programming. Several vendors also provide IVR hosting services that can significantly simplify the deployment of IVR-based CTI.
Software Development Methodologies for Developing New CTI
The field of software engineering has concerned itself with issues of software migration and adaptation as part of software maintenance, as well as software reusability, which in the context of CTI involves expending effort at the time a CTI system is first constructed so as to reduce the effort and cost of migration and adaptation to new settings.
Developers should follow standard practices in software engineering to address reusability, including:
 Cross-platform languages (e.g., Java) -these support rapid migration across supported platforms.
o Modularity -support re-use of modules at different levels of abstraction:
Parameterization, Functional abstraction, Object-Oriented Abstraction, Well defined interfaces.
 Public standard Application Programming Interfaces (APIs), and data and knowledge representation languages.
 Quality documentation and good naming practices. This reduces time required for recipients of a system to understand how to modify it.
Future Technologies to Support CTI Dissemination
Most software developers start from scratch when building new applications and designing unique data representations and this also holds true for most CTI systems developed to date. Unfortunately, this practice leads to significant problems in reusing, adapting, and disseminating CTI software across different settings and behaviors. For instance, the manner in which users are identified may vary significantly between systems, with one system using first and last name, another using a study-assigned identifier, and a third based on a user-specified account name. If each of these data structures could be tagged as "types" of user identification representations, then automatic translation among the various representations could be performed if the systems needed to exchange data, or if the system was originally based on first and last name and subsequently needed to be used in an environment in which user privacy protocols were important.
Computational ontologies represent one solution to these problems, by encouraging different developers (say, one who initially develops a CTI and one who wishes to adapt it for a new intervention) to use the same representations in their systems, or at least have a principled way to relate the representations in one system to the other.
An ontology is a formal representation of a set of concepts within a domain (such as "user" and "user identifier"), possibly including relationships among those concepts.
Ontologies vary not only in their content, but also in their structure and implementation. 
Future Media
There is a wide range of new media that is currently being explored as deployment channels for CTI based on their potential to communicate with patients and consumers, including: As new technologies emerge, the relevant factors related to adapting and disseminating research-tested CTI into practice will change.
CONCLUSION
Dissemination of efficacious CTI has a great potential to reduce the morbidity and mortality related to chronic diseases. While several aspects of CTI inherently lend themselves to effective dissemination (e.g., standardization, fidelity, relatively low incremental cost), adoption and implementation of CTI is not without significant 
